Cardiovascular disease is a major public health problem and the leading cause of death in the world. An electrocardiogram (ECG) is a recording of the electrical activity of the heart as a function of time. Due to the speed of implementation, efficiency and especially reliability for diagnosis, the ECG plays an important role in monitoring and diagnosing patients today. The ECG is only effective when it is recorded over a long time. The analysis of such a recording requires methods of parameter optimization and automatic classification of heartbeats.
Introduction


Cardiovascular diseases are one of the most important causes of mortality in the world (Learnitude Technologies, 2017) . Sudden cardiac death represents about half of the deaths caused by cardiovascular disease, the average age is 50-60 years old, but it can occur at any time. The mechanisms of this sudden death are principally ventricular arrhythmias with a percentage of 75% where the presence of premature ventricular contraction (PVC) is considered as an eventual predictor. This paper is dedicated to investigate about the optimization of the electrocardiogram (ECG) signal, to make it more comprehensible by doctor's cardiologist.
The presented work in this paper proposes classification of PVC beats and is organized. The presented work in this paper proposes classification of PVC beats and is organized. In the first section, we presented the problematic of the study, and in the second section, we examined some works that fall within the literature concerning classification of cardiac arrhythmia. The third section presents specialized work in the detection of PVC pathology. The proposed approach is detailed in the fourth section. The experimental results and discussion are presented in the fifth section. And last, the conclusion is drawn and further work is suggested.
Literature Review
In the literature review, we find several techniques applying various methods, the aim of which is to simplify the reading of an ECG signal, we have been interested in the following works. Olmez (1997) Wieben, Afonso, and Tompkins (1999) showed that the characteristics of filter banks and decision trees are used for classification purposes. The algorithm reached a sensitivity of 85.3% and a positive predictive of 85.2%.
The Fourier transform (Guo, Sitton, & Burrus, 1994) , was used, in which worked on the collection and analysis of ECG signals for the non-invasive detection and quantification of the presence of abnormal cardiac conduction patterns (Eric Chan, 2000) . Its principle is that incoming beats, triggered by the R-wave, are matched and averaged for patients with ventricular pathologies and those with P-wave triggers are matched and averaged together for patients with of atrial pathologies. The Q-wave, R-wave, S-wave (QRS), and P-wave inputs and outputs are respectively calculated for post-analysis ventricular and atrial applications. The windowed Fourier transform (Guo, Sitton, & Burrus, 1994) of the second derivative acceleration of the ECG average signal is calculated for the areas of interest of each conductor. An index of variation of the spectrum obtained from the "acceleration spectrum" for each of the conductors serves to quantify the degree of fragmentation of the spectrum within a pre-specified bandwidth.
Maatar, Fournier, Lachiri, and Nait-Ali (2011) presented a method for the automatic classification of cardiopathies from an ECG. This treatment is based on an analysis of certain morphological parameters for the recognition of eight cardiopathies. The morphological parameters were divided into homogeneous groups (amplitude, surface, interval, and slope). These parameters are calculated for beats with eight types of abnormalities from ECG records retrieved from the Massachusetts Institute of Technology and Beth Israel Hospital (MIT-BIH) arrhythmia database. This study resulted in a maximum overall rate of 82.14% for all morphological parameters. Analysis of the different groups separately showed that the best recognition performance was 96.36% for the surface parameters. The worst is 66.07% for the amplitude parameters.
Electrocardiogram (ECG) Signal
In Figure 1 , we have the different waves of a normal ECG. In the study, we are interested in the ventricular case that can cause sudden death in a patient. 
Premature Ventricular Contraction (PVC)
Ventricular fibrillation is a cardiac rhythm disorder which manifests as a complete disorganization of the electrical activity of the ventricles with the immediate consequence of the loss of any effective cardiac contraction. According to Briand and Bassand (2009) , ventricular fibrillation is characterized by the occurrence of very abnormal, widely varying, abnormally large, unequally amplitude ventricular complexes, occurring in a totally irregular and high-frequency manner (Talbi, 2011) . The parameters used to try to predict the risk of PVC are relative to the QRS and P-waves of the ECG (see Figure 2) . To discriminate between the two types of beats (normal and at risk), it is imperative to calculate certain parameters and characteristics that can constitute the input vectors of the classifier. These feature vectors are each composed of nine elements:
1. The temporal parameters, namely, the duration and the amplitude of the P-wave represent the two first elements of the vector and the duration of the QRS complex; 2. The shape of the QRS complex.
Electrocardiogram (ECG) Recorders
In Table 1 , we can see that the few patients in the database MIT-BIH and who are coded from 106 to 234, each record to normal beats and ventricular beats. 
Methodologies
The genetic algorithm (see Figure 3 ) is a method for solving both constrained and unconstrained optimization problems that is based on natural selection, the process that drives biological evolution. The genetic algorithm repeatedly modifies a population of individual solutions. At each step, the genetic algorithm selects individuals at random from the current population to be parents and uses them to produce the children for the next generation. Over successive generations, the population evolves toward an optimal solution. You can apply the genetic algorithm to solve a variety of optimization problems that are not well suited for standard optimization algorithms, including problems in which the objective function is discontinuous, non-differentiable, stochastic, or highly non-linear. The genetic algorithm can address problems of mixed integer programming, where some components are restricted to be integer-valued.
The genetic algorithm uses three main types of rules at each step to create the next generation from the current population:
1. Selection rules select the individuals called parents, which contribute to the population at the next generation;
2. Crossover rules combine two parents to form children for the next generation; 3. Mutation rules apply random changes to individual parents to form children. 
Experimentation
Since 1975, the laboratories of Beth Israel Hospital in Boston and Massachusetts Institute of. Technology have produced a MIT-BIH database (MIT-BIH Arrhythmia Database Directory, 1992), which was started to be distributed in 1980.
The source of the ECG included in the MIT-BIH database is the standard used by many researchers for the evaluation of arrhythmia detectors. We have also used this database which contains 48 recordings with each recording having a duration of 30 mn and a sampling frequency of 360 HZ.
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Each record has two different leads from the ECG signal and these signals contain normal beats, ventricular extrasystoles and some different signals.
In this study, we focus on the classification of PVC, the records of MIT-BIH database are used for the development and evaluation of classifier performance. These labels/annotations (see Figure 4 ) are used to learn the classifier and evaluate these performances during the test phase. Since this study aims to identify the PVC beat. The cardiac cycles used for the learning of the various pathological cases were chosen randomly from several records. The advantage is of course to build a database including different forms of each cardiac arrhythmia as the following:
1. The MIT-BIH database is in the form of matrices; 2. Each line of the matrix represents a cardiac cycle of a patient; 3. Each patient contains several cardiac cycles. 
Results
To optimize the characteristics of the set of signals of the MIT-BIH arrythmia database (see Figure 4) , we used the genetic algorithm program (detailed at the top of the paper). First, the matrix of the MIT-BIH data block (input xi) was used. We then supplemented the test matrix with data arbitrarily drawn from the study base. The result of optimization is remarkable (see Figure 5 ). We did apply the genetic algorithm on the raw data from the MIT-BIH database, which gave us a physician-readable ECG signal keeping only the relevant parameters.
In the experiment, we have programmed an application that allows optimizing the different waves of an ECG signal from a very large number of annotations (see Figure 6 ). The ECGs we distinguish are sometimes normal (N) and sometimes abnormal PVC. 
Conclusion and Perspectives
Genetic algorithms are research techniques that involve a large part in optimization, for their simplicity, speed of execution and ease of implementation. Their fields of application are very broad: economy, optimization of functions (cost or losses), planning, and many other fields.
After optimizing the ECG signal of the MIT-BIH database, we can say from the results that genetic algorithms are an important technique in any diagnostic aid system in the cardiological field in particular and in the medical field in general.
Among the prospects for this work, the expansion of the database, and the introduction of a new core may be more appropriate for the application.
